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A pharmacologically relevant property of steroid 
hormone-regulated gene induction is the partial 
agonist activity of antisteroid complexes. We now 
report that dexamethasone-mesylate (Dex-Mes) 
and dexamethasone-oxetanone (Dex-Ox), each a 
derivative of the glucocorticoid-selective steroid 
dexamethasone (Dex), are two new antiprogestins 
with significant amounts of agonist activity with 
both the A and B isoforms of progesterone re- 
ceptor (PR), for different progesterone-responsive 
elements, and in several cell lines. These com- 
pounds continue to display activity under condi- 
tions where another partial antiprogestin (RTI-020) 
is inactive. These new antiprogestins were used to 
determine whether the partial agonist activity of PR 
complexes can be modified by changing concen- 
trations of receptor or coregulator, as we have 
recently demonstrated for glucocorticoid recep- 
tors (GRs). Because GR and coregulator concen- 
trations simultaneously altered the position of the 
physiologically relevant dose-response curve, and 
associated EC^, of GR-agonist complexes, we 
also examined this phenomenon with PR. We find 
that elevated PR or transcriptional intermediary 
factor 2 (TIF2) concentrations increase the partial 
agonist activity of Dex-Mes and Dex-Ox, and the 
ECgo of agonists, independently of changes in total 
gene transactivation. Furthermore, the compres- 
sors SMRT (silencing mediator for retinoid and thy- 
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roid receptors) and NCoR (nuclear receptor com- 
pressor) each suppresses gene induction but 
NCoR acts opposite to SMRT and, like the coacti- 
vator TIF2, reduces the EC^ and increases the 
partial agonist activity of antiprogestins. These 
comparable responses of GR and PR suggest that 
variations in receptor and coregulator concentra- 
tions may be a general mechanism for altering the 
induction properties of other steroid receptors. Fi- 
nally, the magnitude of coregulator effects on PR 
induction properties are often not identical for ago- 
nists and the new antagonists, suggesting subtle 
mechanistic differences. These properties of Dex- 
Mes and Dex-Ox, plus the sensitivity of their activ- 
ity to cellular differences in PR and coregulator 
concentrations, make these steroids potential new 
SPRMs (selective progesterone receptor modula- 
tors) that should prove useful as probes of PR 
induction properties. (Molecular Endocrinology 15: 
255-270, 2001) 



INTRODUCTION 

A common use of endocrine therapies in the clinical 
setting is to block the action of an endogenous hor- 
mone in both normal and malignant tissues. The inhi- 
bition of progesterone action in women is used to 
prevent conception at a variety of stages (1 , 2). The 
growth of many breast cancer tumors is retarded by 
suppressing the action of endogenous estrogens (3, 
4). Pure antisteroids, which display no agonist activity, 
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represent one of the most straightforward methods of 
blocking the actions of steroid hormones. The anti- 
steroid undergoes most of the same steps as agonist 
steroids, including steroid binding to the cognate re- 
ceptor, activation, nuclear translocation, and DNA 
binding (5, 6). It is predominantly in the association 
with coregulators and the transcriptional machinery 
that the antisteroid complexes appear to differ and 
prevent the changes in rates of gene transcription 
seen with agonist complexes (7-9). Unfortunately, the 
side effects of antisteroid therapies can be quite se- 
vere. A pure antagonist will block all of the actions of 
a particular receptor in addition to the one that is 
targeted. Furthermore, some antisteroids, like RU 486 
(10), cross-react with other receptors to block the 
actions of multiple classes of steroids (11), thereby 
magnifying the number of undesired actions. 

An exciting new approach to endocrine therapies 
has emerged with the concept of SRMs, or selective 
receptor modulators. These are compounds that are 
antagonists for some genes/tissues but agonists for 
others. Thus, they are not pure antagonists. This ability 
to display partial agonist activity with selected reporter 
genes can be clinically very beneficial. For example, 
the agonist activity of raloxifene and tamoxifen in bone 
coupled with their antagonist activity in breast (Ref. 1 2 
and references therein) suggests that their use in the 
treatment of breast cancer might not be accompanied 
by the osteoporosis seen with other antiestrogens 
(1 3). While it is not yet possible to predict the genes for 
which a particular SRM will display antagonist vs. ag- 
onist activity, an absolute requirement is that the ste- 
roid possesses partial agonist activity for at least one 
gene. 

Surprisingly, there are very few antiprogestins with 
partial agonist activity for any genes and thus are 
candidate-selective progesterone receptor modula- 
tors, or SPRMs. RU 486 is the most commonly used 
antiprogestin and displays partial agonist activity only 
under selected conditions (14, 15). More recently, a 
closely related derivative of RU 486, called RTI 3021- 
020 (RTI-020), was found to be a partial agonist in 
T47D cells but was not active in CV-1 cells (16). There- 
fore, it would be extremely helpful for theoretical and 
clinical studies to identify new antiprogestins with par- 
tial agonist activity. 

Another approach for modifying the activities of an- 
tisteroids involves the coregulators that appear to be 
recruited by DNA-bound receptors to help modify the 
rates of target gene transcription. Ligand-free nuclear 
receptors, and some steroid receptors bound by an- 
tagonists (9, 15, 17), are usually associated with the 
corepressors SMRT (signal mediator and repressor of 
transcription) or NCoR (nuclear receptor corepressor) 
(18, 19). Agonist binding is thought to cause the re- 
lease of corepressors and allow the association of 
coactivators (20-24). While corepressors are known to 
influence the partial agonist activity of antisteroid com- 
plexes (8, 9, 15, 17, 25, 26), an effect of coactivators 
on the activity of receptor-antisteroid complexes has 



only lately been seen with GRs (26, 27). Interestingly, 
different concentrations in coregulators also alter the 
concentration of the glucocorticoid dexamethasone 
(Dex) required for half-maximal induction, or EC 50 (26, 
27). Variations in the EC 50 are highly significant for 
cellular functions because physiological concentra- 
tions of steroid are subsaturating and much closer to 
the EC 50 than to the saturating concentrations of ste- 
roid required for maximal induction by receptors. 
Therefore, even small differences in EC 50 , which are 
associated with shifts in the position of the dose- 
response curve, can have significant consequences 
for the amount of gene induction seen with endoge- 
nous levels of steroids. 

Both the EC so for agonist complexes of glucocorti- 
coid receptors (GRs) and the partial agonist activity of 
GR antagonist complexes have recently been shown 
to be additionally influenced by changes in GR con- 
centration (26-28). These effects were independent of 
cell, enhancer, promoter, and reporter gene. In all 
cases, the changes in EC 50 and partial agonist activity 
of antiglucocorticoids occurred in parallel. Therefore, 
at least for GRs, changes in receptor and coregulator 
levels can affect the induction properties of both ag- 
onist and antagonist complexes. These observations, 
coupled with the documented tissue variations of co- 
regulator (25, 29-33) and GR concentrations, suggest 
an attractive model: that differential control of gene 
expression during development, differentiation, and 
homeostasis by GR may be achieved, at least in part, 
by intra- and intercellular fluctuations in GR and co- 
regulator concentrations (26). 

In this study, we report that two antiglucocorticoids, 
dexamethasone-21-meslyate (Dex-Mes) (34) and 
dexamethasone-oxetanone (Dex-Ox) (35), are new an- 
tiprogestins possessing partial agonist activity. This 
agonist activity is observed under conditions where 
other antiprogestins are inactive, thus making Dex- 
Mes and Dex-Ox new potential SPRMs. Using these 
compounds along with the progesterone receptor (PR) 
agonist R5020, we found that the partial agonist ac- 
tivity of antagonist complexes, and the EC 50 for ago- 
nist complexes, could be modulated by different con- 
centrations of receptor, coactivator, and corepressor 
just like they are for GRs (26-28). These novel methods 
of modifying PR activity appear to offer new tools for 
studies of PR action and for endocrine treatment of 
clinical disorders. 



RESULTS 

Derivatives of the Glucocorticoid Dexamethasone 
Are New Ligands for PR with Partial 
Agonist Activity 

The synthetic glucocorticoid dexamethasone (Dex, 
Fig. 1) has very low affinity for, and no biological ac- 
tivity with, PR (36, 37) (data not shown). It was, there- 
fore, very unexpected when two derivatives of Dex, 
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Fig. 1 . Structures of Steroids Used in This Study 



Dex-Mes and Dex-Ox (Fig. 1), exhibited significant 
quantities of agonist activity with transfected PR in 
CV-1 cells (Fig. 2A). Dex-Mes consistently displayed 
appreciable levels of partial agonist activity with both 
human PR isoforms (PR-A and PR-B) with two differ- 
ent reporter constructs (GREtkCAT and MMTVLUC). 
RTI-020, a derivative of RU 486 (Fig. 1), has been 
reported to possess partial agonist activity with PR 
under some conditions but not in CV-1 cells (16). Our 
experiments confirmed this while showing that Dex- 
Mes and Dex-Ox manifest significant amounts of 
activity under the same conditions (see PR-B with 
GREtkCAT in Fig. 2A). 

T47D human breast cancer cells contain both PR 
isoforms in addition to GRs (38). When these cells 
were transiently transfected with the GREtkLUC re- 
porter, sizable amounts of activity were afforded by 
the endogenous receptors for all of the added steroids 
except RU 486 (Fig. 2B). Under these conditions, 
Dex-Ox was much less effective than R5020, consis- 
tent with Dex-Ox being a partial agonist for PR. 
Dex-Ox is also a partial agonist for GR (35, 39). How- 
ever, very little of the Dex-Ox agonist activity in T47D 
cells can be attributed to the endogenous GR as the 
total activity with Dex-Ox is much greater than that 
seen for the full glucocorticoid Dex (Fig. 2B). Dex-Mes 
is also a partial GR agonist (26, 28, 34, 35, 39). As the 
total Dex-Mes activity is less than that for Dex, we can 



not immediately determine which receptor(s) is re- 
sponsible for the activity of Dex-Mes in T47D cells. 

The above fold inductions in CV-1 cells by tran- 
siently transfected PR-A or PR-B with saturating con- 
centrations of R5020 were low except for PR-A with 
the mouse mammary tumor virus (MMTV) reporter 
(Fig. 2A). To further investigate the properties of Dex- 
Mes and Dex-Ox under conditions providing more 
robust responses, we looked for an alternative cell 
line. We decided to concentrate on the larger PR iso- 
form, PR-B, because it has been the focus of many 
previous studies on PR action (14, 16, 40). 1470.2 
mouse mammary adenocarcinoma cells contain very 
little endogenous PR (38) but were found to display 
steady increases in total transactivation and fold in- 
duction over a range of transiently transfected human 
PR-B cDNA (Fig. 3A). Therefore, under these condi- 
tions, PR is limiting for transactivation. 1470.2 cells do 
contain endogenous GR, which binds Dex with the 
normal affinity of 2-3 nM (data not shown) (41, 42). 
These GRs are inducible by added Dex but not by any 
of the other steroids examined (Fig. 3B). Therefore, 
any partial agonist activity displayed by Dex-Mes, 
Dex-Ox, or RTI-020 in 1470.2 cells that are transiently 
transfected with PR-B would be due to PR complexes. 

When 1470.2 cells are transfected with low amounts 
of PR-B (3 ng) and GREtkLUC reporter, significant 
inductions are observed for Dex-Mes and Dex-Ox, but 
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Fig. 2. Activity of Dex Derivatives with Transfected and Endogenous PR 

A, Transiently transfected PR-A or PR-B with GREtkCAT or MMTVLUC reporter in CV-1 cells. Triplicate cultures were 
transiently transfected with GREtkCAT, or MMTVLUC, plus the indicated amounts of hPR cDNA plasmid, induced with either 30 
nM R5020 or 1 jam of the indicated steroids, and assayed for luciferase activity as described in Materials and Methods. The total 
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both are less than that for the full progestin R5020 (Fig. 
3C). As was suggested by the data in CV-1 cells (Fig. 
2A), the partial agonist activity of Dex-Ox is greater 
than that of Dex-Mes, and both are greater than that of 
RTI-020, which is almost inactive. This is shown more 
clearly when the data of Fig. 3C are expressed as 
percent of maximal activity by saturating concentra- 
tions of R5020 to display directly the percent partial 
agonist activity of Dex-Mes, Dex-Ox, and RTI-020 (Fig. 
3D). Under these conditions in 1470.2 cells, Dex-Mes 
and Dex-Ox have 20% and 45% partial agonist activ- 
ity, respectively, compared with less than 5% activity 
for RTI-020. Collectively, these data indicate that Dex- 
Mes and Dex-Ox are new partial agonists for PR in 
a manner that is independent of receptor form (PR-A 
or -B), of enhancer, promoter, and gene (GREtkCAT, 
GREtkLUC, and MMTVLuc), and of cell type (1470.2, 
T47D, and CV-1 cells). 

Dex-Mes and Dex-Ox Are Antiprogestins That 
Interact with PR 

The fact that Dex-Mes and Dex-Ox usually elicit less 
total activity than R5020 under the variety of above 
conditions suggested that these Dex derivatives are 
antiprogestins with partial agonist activity. To deter- 
mine whether these effects resulted from steroid bind- 
ing to PR, we examined the ability of each steroid to 
bind to PR and to competitively inhibit the whole cell 
activity of PR-agonist complexes. In a cell-free com- 
petition assay, the relative affinity for PR is found to be 
R5020 » Dex-Ox > Dex-Mes (Fig. 4A). From these 
data, one can determine that the apparent affinity of 
Dex-Ox for PR is at least 10-fold higher than Dex-Mes 
and about 100-fold lower than R5020. 

Despite these low binding affinities of Dex-Mes and 
Dex-Ox for PR, both compounds were found to be 
good inhibitors of R5020 activity in intact cells. In view 
of the lower affinity of Dex-Mes vs. Dex-Ox for PR in 
Fig. 4A, we used 1 and 10 Dex-Mes, but only 1 /xm 
Dex-Ox, to inhibit the action of 300 pM R5020 with 3 ng 
of transfected PR. With high enough concentrations, 
each Dex derivative reduces the activity of 300 pM 
R5020 to that of the competing steroid alone, with 
Dex-Ox being at least 10-fold more potent than Dex- 
Mes (Fig. 4B). Therefore, Dex-Mes and Dex-Ox are 
antiprogestins with potencies that appear to parallel 
their affinities for PR. This correspondence suggests 
that it is not a metabolite of Dex-Mes, or Dex-Ox, that 
is the active antiprogestin steroid. The ability of 0.3 nM 
R5020 to partially overcome the inactivity of 1 /am, but 



not 10 /am, Dex-Mes also argues that Dex-Mes is ex- 
erting its antiprogestin activity by binding directly, al- 
beit weakly, to PR as opposed to acting via a non-PR- 
mediated pathway. 

Effect of Changing PR Concentration on R5020 
Dose-Response Curve 

We previously reported that changing concentrations 
of GRs modulate the partial agonist activity of several 
antiglucocorticoids (26-28). This property appears to 
be intimately associated with concomitant changes in 
the dose-response curve of glucocorticoid agonists. 
Thus, conditions that cause a shift of the Dex dose- 
response curve to lower EC 50 s are always accompa- 
nied by an increased partial agonist activity of the 
antagonists. With the discovery of new antiprogestins 
with partial PR agonist activity, we wanted to know 
whether the activity of these compounds could simi- 
larly be modified in the presence of different PR con- 
centrations. In preparation for this study, we first in- 
quired whether the dose-response curve of PR 
agonists could be shifted to lower EC so s in the pres- 
ence of higher amounts of PR. As shown in Fig. 5, the 
dose-response curve of PR-agonist complexes is pro- 
gressively shifted to lower EC so s with higher PR con- 
centrations. The average left shift in the dose- 
response curve when going from 3 to 30 ng of PR 
cDNA is 5.2 ± 1.1 -fold (sd, n = 5, P = 0.001). The 
dashed vertical lines in Fig. 5 show how the activity of 
a single subsaturating concentration of R5020 varies 
with different PR concentrations. Thus, as for GR (26- 
28), the dose-response curve for PR-mediated trans- 
activation is not invariant but can be altered simply by 
varying the concentration of PR. 

Effect of Changing PR Concentration on Dose- 
Response Curves of New Partial PR Agonists 

The precise mechanism by which antisteroids exhibit 
partial agonist activity is not well understood but is 
thought to proceed via the same steps as used by full 
agonists. For this reason, we expected that the mag- 
nitude of change in the left shift of the dose-response 
curve for the PR agonist R5020 with elevated PR (Fig. 
5) would be reproduced for the dose-response curves 
of the partial agonists Dex-Mes and Dex-Ox. Interest- 
ingly, this is not the case. With 3 ng of transfected 
PR-B, the EC 50 for Dex-Mes is about 350 nM while that 
for Dex-Ox is a factor of 10 lower at 30 nM (Fig. 6). 
However, there is only a marginal effect of increased 



activity was normalized for total protein and plotted as fold induction above the EtOH control {open bar). Error bars represent sem 
(n = 5) for R5020 and Dex-Mes with GREtkCAT and range (n = 2) for all data for PR-A with MMTVLUC. Other data are averages 
of triplicates from one experiment. B, GREtkLUC reporter in T47D cells. Triplicate cultures were transiently transfected as in panel 
A with 1 ilq of GREtkLUC, treated with either 30 nw R5020 or 1 jxm of the designated steroids, and assayed for luciferase activity 
as described in Materials and Methods. The data were normalized for total protein and plotted as fold induction above the EtOH 
control (open bar). Error bars indicate the range of two experiments except for RU 486, which is the average of triplicates from 
one experiment. 
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Fig. 3. Gene Activation with Transiently Transfected PR in 1 470.2 Cells 

A, Effect of PR concentration on total transactivation and fold induction with R5020. Triplicate cultures were transfected with 
MMTVLuc and Renilla null luciferase reporters plus the indicated amounts of hPR-B cDNA plasmid, induced with 30 nM R5020, 
and assayed for luciferase and Renilla activities as described in Materials and Methods. The average values, normalized for 
cotransfected Renilla, were then plotted. Similar results were obtained in at least two other experiments. B t Activity of various 
steroids with endogenous GR of 1470.2 cells. Triplicate cultures were transfected with GREtkLUC reporter as in panel A and 
induced with the indicated steroids. The levels of luciferase activity, normalized for cotransfected Renilla, were then expressed 
as fold induction above basal levels. Similar results were obtained in a second experiment. C and D, Activity of Dex derivatives 
with transiently transfected PR in 1470.2 cells. Triplicate cultures were transfected with 3 ng PR cDNA plasmid and GREtkLUC 
reporter as in panel A and induced with the indicated steroids. The levels of luciferase activity, normalized for cotransfected 
Renilla, were then expressed as fold induction above basal levels in panel C. The same data were rep lotted in panel D as percent 
of the maximal induction (30 nM R5020) above basal levels {open bar in panel C) to show directly the percent partial agonist 
activity. The error bars in panels C and D indicate the sd of triplicate values. Similar results were obtained in a second experiment. 
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Fig. 4. Anti progestin Properties of Dex-Mes and Dex-Ox 

A, Competition of R5020 binding to ceil-free receptors. Duplicate samples of 2.5 nM pH]R5020 plus the indicated excesses of 
nonlabeled steroids were assayed for the total binding of pH]R5020 to cell -free preparations of overexpressed hPR-B at 0 C, as 
described in Methods and Materials. The range of duplicate values is indicated by the error bars. Similar results were obtained 
in a second experiment. B, Competition of PR-mediated induction by R5020 in intact cells. Triplicate cultures were transfected 
with 3 ng hPR-B cDNA plasmid and 1 /ig MMTVLUC as in Fig. 3A and induced with the indicated concentrations of R5020 ± 
Dex-Mes or Dex-Ox. The absolute levels of luciferase activity, normalized for cotransfected Renilla (± sd of triplicate values), were 
plotted. 



PR on the position of the dose-response curve for 
Dex-Mes (Fig. 6A: 1 .49 ± 0.03-fold; so, n = 3, P = 
0.0014) under conditions where there is a 7-fold left 
shift of the R5020 dose-response curve (Fig. 6A, in- 
sert). Similarly, the shift in the dose-response curve for 
Dex-Ox with added PR is much less (2.6 ± 0.4-fold; 
n = 2; Fig. 6B) than that for R5020 (6.8 ± 1 .6-fold, n = 
2; see insert). These differences in the magnitude of 
left shift of R5020 vs. Dex-Mes and Dex-Ox suggest 
that the mechanistic details by which higher levels of 
PR can reposition the dose-response curve are not the 
same for PR-bound agonists vs. antagonists/partial 
agonists. 

Effect of Changing PR Concentration on the 
Partial Agonist Activity of Dex-Mes and Dex-Ox 

Although there is little effect of changing PR concen- 
tration on the dose-response curves of Dex-Mes or 
Dex-Ox (Fig. 6), it can not be predicted what the effect 
will be on the partial agonist activity of each steroid 
with PR. This is because there is no known relationship 
between the EC 50 for steroid induction of a responsive 
gene and the total level of transactivation for the same 
gene. To address this question, we performed exper- 
iments such as in Fig. 3C to determine the partial 
activity of Dex-Mes and Dex-Ox at two different PR 
concentrations. However, for ease of interpretation, 
the data were replotted as percent of maximal induc- 
tion by saturating concentrations of R5020, as in Fig. 
3D. This is done because the total amount of transac- 
tivation by R5020 increases at higher levels of PR (see 
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Fig. 5. Effect of PR Concentration on the R5020 Dose- 
Response Curve and EC 50 

Triplicate cultures were transfected as in Fig. 3A with 3 or 
30 ng of hPR-B cDNA plasmid and treated with the indicated 
concentrations of R5020. The induced values were plotted as 
percent of the maximal induction with R5020 above basal 
levels. Inset shows the results of an experiment with 0.1 (T), 
1 (♦), 10 (■), and 100 (▲) ng of hPR-B cDNA plasmid (basal 
levels did not change significantly). The sd of triplicate values 
is indicated by the error bars. The dashed vertical lines show 
how the activity of a single subsaturating concentration of 
R5020 varies with different PR concentrations. Similar results 
were obtained in at least two other experiments. 
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Fig. 6. Effect of PR Concentration on the Dose-Response Curve and EC 50 of (A) Dex-Mes and (B) Dex-Ox in 1470.2 Cells 

After transfecting triplicate cultures with 3 or 30 ng of hPR-B cDNA plasmid as in Fig. 3A, the luciferase values induced by the 
indicated concentrations of Dex-Mes (A) or Dex-Ox (B) were normalized for cotransfected Ren ilia and plotted as percent of the 
maximal values for the same steroid, as in Fig. 5. Insets present, for comparison, the dose-response curves for R5020 with the 
different PR concentrations in the same experiment. The sd of triplicate values is indicated by the error bars. Similar results were 
obtained in at least one additional experiment. 



Fig. 3A), thus making it difficult to directly assess 
changes in percent agonist activity simply by looking 
at the raw data. When the results are expressed as 
percent of maximal induction by R5020, however, it is 
clear that added PR has a dramatic effect (Fig. 7). The 
increased activity of subsaturating concentrations of 
R5020 (30 and 90 pm) is what is expected from a left 
shift in the dose-response curve for R5020 (see Fig. 5). 
For Dex-Mes and Dex-Ox, conditions that have little 
effect on the dose-response curves of these steroids 
(see Fig. 6) have a very large effect on the partial 
agonist activity relative to saturating concentrations of 
R5020. Dex-Mes has about 20% activity with 3 ng PR 
but 60% activity with 30 ng PR. Dex-Ox, which dis- 
plays around 50% agonist activity with 3 ng PR, is 
almost a full agonist with 30 ng PR. These dramatic 
increases in partial agonist activity can occur in the 
absence of appreciable changes in EC 50 because they 
depend upon different parameters. The partial agonist 
activity of the antiprogestins is determined by the total 
transactivation with 1 jim antagonist as a percent of 
the total transactivation by saturating concentrations 
of R5020 at each PR concentration. On the other hand, 
the EC 50 for the antagonist with 3 and 30 ng PR is 
independent of the activity of R5020 or the absolute 
amount of transactivation by 1 /xm antagonist. In sum- 
mary, it is clear that the partial agonist activity of 
Dex-Mes and of Dex-Ox with PR is not constant but 
increases in proportion to the amount of PR present in 
the cell. 
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Fig. 7. Variation of Partial Agonist Activity of Antiprogestins 
with Increasing PR in 1470.2 Cells 

Triplicate cultures were transfected with 3 or 30 ng of PR 
cDNA and 1 jig MMTVLUC as in Fig. 3A, followed by treat- 
ment with the indicated steroids. The induced luciferase val- 
ues were determined, normalized for cotransfected Renilla, 
and plotted as percent of maximal induction by 30 nM R5020, 
as in Fig. 3D. The sd of triplicate values is indicated by the 
error bars. Similar results were obtained in a second exper- 
iment. 
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It is interesting that the partial agonist activity of 
RTI-020 does not increase under conditions that aug- 
ment the activity of Dex-Mes and Dex-Ox (Fig. 7). 
Thus, while RTI is a partial agonist under some 
conditions (16), Dex-Mes and Dex-Ox retain partial 
agonist activity under a possibly wider variety of 
conditions. 

Effects of Coactivators and Corepressors on PR 
Induction Properties 

The total transactivation of responsive genes by PR 
has been found to increase in the presence of cotrans- 
fected coactivators (43, 44) while corepressors can 
decrease receptor transactivation (8, 18, 19, 26). Re- 
cently, coactivators and corepressors have also been 
shown to modify the dose-response curve of GR- 
agonist complexes and the partial agonist activity of 
GR-antagonist complexes (26, 27). Given the high ho- 
mology between GR and PR, we asked whether sim- 
ilar effects might be seen with PR complexes. Such a 
study was difficult before our discovery of the partial 
agonist activities of Dex-Mes and Dex-Ox because 
neither of the existing antiprogestins, RU 486 or RTI- 
020, displays appreciable agonist activity (Figs. 2, 3, 
and 7). 

When TIF2 is cotransfected with PR in 1470.2 cells, 
the total transactivation increases about 25%, as ex- 
pected for a coactivator. At the same time, a weak but 
statistically significant shift to lower steroid concen- 
trations is seen in the dose-response curve [Fig. 8A: 
1.95 ± 0.53 fold (sd), n = 4, P = 0.038]. At the same 
time, added TIF2 enhances the partial agonist activity 



of Dex-Mes (Fig. 8B). Interestingly, while the effect of 
added TIF2 is not as great as added PR on the posi- 
tioning of the dose-response curve for R5020 (Fig. 8A), 
TIF2 is equally effective in increasing the partial ago- 
nist activity of Dex-Mes (Fig. 8B). This difference in 
sensitivity to TIF2, relative to increased PR, suggests 
that the mechanisms involved in TIF2 modulation of 
agonist and antagonist induction properties are not 
the same. 

It should be noted that TIF2 had no effect on the 
induction properties of either PR or GR in T47D cells 
under conditions where increased GR did have an 
effect on the Dex EC 50 (data not shown). Thus, it 
appears that the ability of TIF2 to modulate PR, or GR, 
induction properties can be cell specific. 

SRC-1 (steroid receptor coactivator 1) is another 
coactivator that is closely related to TIF2 (45, 46) and 
thus might be expected to have similar effects as TIF2. 
To examine the effects of a range of SRC-1 concen- 
trations, we did not perform an entire dose-response 
curve but rather assayed the percent of maximal ac- 
tivity of just a single subsaturating concentration of 
R5020. As shown in Fig. 5 [dashed lines), this abbre- 
viated assay is a valid test for changes in the R5020 
dose-response curve or EC so . Surprisingly, additions 
of up to 1 .8 fjig of SRC-1 have no significant effect on 
either the EC 5Q for R5020, as indicated by the activity 
of a subsaturating concentration of R5020 (Fig. 9), or 
the total amount of transactivation (data not shown). 
Similarly, neither CREB-binding protein (CBP) nor 0.45 
jxg SRC-1 plus 0.2 /ig CBP had any effect on the EC so 
for R5020 or the total amount of transactivation (data 
not shown). This absence of effect was not due to a 
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Fig. 8. Modification of Induction Properties of PR-Agonist and Antagonist Complexes in 1470.2 Cells by Added Coactivator TIF2 
Triplicate cultures were transfected as in Fig. 3A with 1 .5 ng PR ± 0.4 ^g TIF2, or 30 ng PR, plus the indicated concentrations 
of R5020 or 1 /jlm Dex-Mes. The data for R5020 (A) and Dex-Mes (B) are normalized for cotransfected Ren ilia and plotted as 
percent of the maximal values for R5020, as in Fig. 3D. The treatments in panel B are 1 .5 ng PR {open bar), 1 .5 ng PR + 0.4 
TIF2 {patterned bar), and 30 ng PR {solid bar). The sd of triplicate values is indicated by the error bars. Similar results were obtained 
in three additional experiments. 
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PR-B (ng): 
SRC-1 (pg): 

Fig. 9. Influence of Coactivator SRC-1 on Induction Proper- 
ties of PR-Agonist and Antagonist Complexes in 1470.2 Cells 
Triplicate cultures were transfected as in Fig. 3A with PR ± 
varying amounts of SRC-1, as indicated, and then treated 
with vehicle ± 60 pM R5020, 30 nM R5020, or 1 /ulm Dex-Mes. 
The induction by 60 pM R5020, or 1 jam Dex-Mes, was nor- 
malized for cotransfected Renilla and plotted as percent of 
the maximal activity with 30 nM R5020, as in Fig. 3D. The so 
of triplicate values is indicated by the error bars (*, P = 0.04; 
**, P = 0.001). Similar results were obtained in two additional 
experiments. 



total inactivity of the SRC-1 because 1 .8 jxg of SRC-1 
did increase the partial agonist activity of Dex-Mes 
with 3 ng of PR to about 65% of that seen with 30 ng 
of PR (n = 3; P = 0.048; see also Fig. 9). Also, the 
same SRC-1 and CBP plasmid preparations elevated 
the percent of maximal activities of 1 nM Dex and 1 /am 
Dex-Mes with GR in CV-1 cells (data not shown and 
Ref. 26). Therefore, it appears that not all coactivators 
have the same effects on the activities of PR com- 
plexes in 1470.2 cells. 

In contrast to coactivators, compressors, such as 
SMRT (19) and NCoR (18), typically produce the op- 
posite effects of coactivators. They can decrease the 
total transactivation of receptors (8, 18, 19, 26) and 
reduce the partial agonist activity of antisteroids (8, 9, 
15,17, 25, 26). It was therefore of interest to determine 
what effect increased concentrations of corepressor 
would have on PR-agonist and partial agonist com- 
plexes. Cotransfection of the corepressor SMRT 
causes a reproducible 2.6 ± 0.4-fold (n = 2) right shift 
in the dose-response curve (Fig. 10A), and decreased 
the partial agonist activity of Dex-Mes from 11.1 ± 
1 .6% to -0.4 ± 1 .6% (sd, n = 4; P < 0.0001 , Fig. 1 0B), 
while simultaneously acting as a corepressor to de- 
crease the levels of total transactivation by 1 3 ± 6% 
(sem, n = 5, P = 0.09). 

The addition of NCoR, another corepressor (18), 
also suppresses the total transactivation, this time by 
28 ± 9% (sem, n = 9, P = 0.01). However, NCoR 
causes an increase in the activity of subsaturating 



concentrations of R5020 to shift the dose-response 
curve to lower EC 50 s (Fig. 11 A). At the same time, 
added NCoR increased the partial agonist activity of 
saturating concentrations of Dex-Mes (Fig. 1 1B; aver- 
ages values = 36 ± 17% without NCoR vs. 69 ± 16% 
with NCoR, n = 6, sd, P = 0.0064). Therefore, both 
SMRT and NCoR appear to act as corepressors by 
decreasing the total transactivation, but they elicit al- 
most exactly opposite behaviors in the induction prop- 
erties of PR complexes. 



DISCUSSION 

This study describes evidence that Dex-Mes and Dex- 
Ox, two C-17 position derivatives of the GR-selective 
ligand Dex, are new antiprogestins with partial agonist 
activity. These steroids are active with PR-A and -B 
isoforms, different reporters [CAT (chloramphenicol 
acetyltransferase) and LUC (luciferase)], and different 
promoters and enhancers (GREtk and MMTV) in a 
variety of cells (CV-1, 1470.2, and T47D). To the best 
of our knowledge, Dex-Mes is the first compound to 
exhibit partial agonist activity with PR-A (Fig. 2A) (14, 
47-49). The high level of agonist activity of Dex-Ox 
with the endogenous PR of T47D cells, which is pre- 
dominantly PR-A (50), suggests that Dex-Ox, like Dex- 
Mes, also possesses agonist activity with PR-A recep- 
tors. The data with T47D cells further demonstrate that 
the activities of Dex-Ox in CV-1 and 1470.2 cells are 
not an artifact of transient transfection. This, in turn, 
indicates that the partial agonist activity of Dex-Mes 
with PR is also not limited to transfected PR. 

With any new steroid, an obvious question is 
whether the observed biological activities result from 
the formation of receptor-steroid complexes. Five 
lines of evidence indicate that the effects of both Dex- 
Mes and Dex-Ox are mediated by direct interactions 
with PR. First, the partial agonist activity of both ste- 
roids in 1470.2 (Fig. 3, B and C) and CV-1 (data not 
shown) cells is dependent upon transfected PR. Sec- 
ond, cell-free competitive binding studies show that 
Dex-Ox binds PR-B with an affinity that is 1% of the 
potent progestin R5020 and suggest that the affinity of 
Dex-Mes is 0.1 % of R5020 (Fig. 4A). Third, the relative 
concentrations of R5020, Dex-Ox, and Dex-Mes re- 
quired for 50% inhibition in the cell-free binding stud- 
ies (1:100:1,000, respectively) correspond closely to 
the biological potencies of each steroid as an agonist, 
as determined from the dose-response curves with 3 
ng of PR-B cDNA in Figs. 5 and 6 (EC 50 s: R5020, 0.35 
nM; Dex-Ox, 30 nM; and Dex-Mes, 350 nM). Fourth, the 
10-fold greater potency of Dex-Ox vs. Dex-Mes as an 
antiprogestin (Fig. 4B) correlates with the 10-fold 
higher apparent affinity of Dex-Ox for PR. Fifth, the low 
activity of Dex-Mes in intact cells can be partially 
reversed by added R5020 (Fig. 4B), which argues that 
at least some of the effects of Dex-Mes are mediated 
by specific interactions with PR. Collectively, we feel 
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Fig. 10. Effect of Added Corepressor SMRT on Induction Properties of PR-Agonist and Antagonist Complexes in 1470.2 Cells 
Triplicate cultures were transfected as in Fig. 3A with 30 ng PR ± 1.8 ptg SMRT plus the indicated concentrations of R5020 
or 1 ilm Dex-Mes. The data are normalized for cotransfected Renilla and plotted as percent of the maximal values for R5020 for 
(A) one of two experiments with R5020 and for (B) the average (±sd) of four experiments with Dex-Mes, as in Fig. 3D. 
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Fig. 11. Modulation of Induction Properties of PR-Agonist and Antagonist Complexes in 1470.2 Cells by Added Corepressor 
NCoR 

Triplicate cultures were transfected as in Fig. 3A with 30 ng PR ± 1.2 \i% NCoR plus'the indicated concentrations of R5020 
or 1 /xM Dex-Mes. The data for R5020 (A) and Dex-Mes (B) are normalized for cotransfected Renilla and plotted as percent of the 
maximal values for R5020, as in Fig. 3D. The sd of triplicate values is indicated by the error bars. Similar results were obtained 
in two (A) or five (B) additional experiments. 



these data strongly support the conclusion that Dex- 
Mes and Dex-Ox are two new antiprogestins that dis- 
play significant amounts of partial agonist activity un- 
der a variety of conditions due to their binding to PR. 

Very few partial agonists for PR exist in the literature. 
The most active such compound to be reported is 
RTI-020 and some closely related derivatives (16), 



which are structurally similar to the almost pure anti- 
progestin RU 486 (Fig. 1). Interestingly, RTI-020 is 
inactive in CV-1 (16) and 1470.2 cells, even under 
conditions where Dex-Mes and Dex-Ox are active 
(Figs. 2A and 3). These data suggest that D-ring de- 
rivatives at the C-17 position of Dex (Fig. 1) may be a 
rich new source of future antiprogestins with partial 
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agonist activity. As the oxetanone modification of Dex 
(Fig. 1) increased the apparent affinity for PR by about 
a factor of 10 (Fig. 4A), it is reasonable to expect that 
other derivatives with even higher affinity for PR might 
be found to retain appreciable amounts of partial PR 
agonist activity. 

The discovery of two new antiprogestins that pos- 
sess partial agonist activity (Dex-Mes and Dex-Ox) 
facilitated our subsequent studies of whether the in- 
duction properties of PR can be modified by changing 
the receptor concentration, as has recently been de- 
scribed for GR (26-28). Thus, in addition to looking at 
the ability of variations in PR level to alter the position 
of the dose-response curve of agonists (or EC 50 ), we 
could now determine whether this is accompanied by 
coordinated changes in the partial agonist activity of 
antiprogestins. The present results demonstrate for 
the first time that both properties of PR gene induction 
are influenced by PR concentration. The fact that PR 
concentration is not constant among PR-responsive 
tissues leads to the additional prediction that the par- 
tial agonist activity of Dex-Mes and Dex-Ox will also 
not be constant in all tissues. Furthermore, the level of 
PR in a given cell can be modified, as seen in breast 
cells where estrogens usually induce PR levels (51). 
Therefore, even in the same cell, the partial agonist 
activity of Dex-Mes or Dex-Ox may change. 

Another modulator of the partial agonist activity of 
antiprogestins is shown here to be coregulators. Ele- 
vated levels of the coactivators TIF2 and SRC-1 , along 
with the corepressor NCoR, can each augment the 
partial agonist activity of Dex-Mes. As the levels of 
these coregulators are not uniform among cells (30- 
32), or even in a given cell (25, 30), it is likely that partial 
agonist activity of Dex-Mes will vary from cell to cell. 
Furthermore, the capacity of PR to respond to added 
TIF2 is cell-dependent, as seen here by the effects on 
PR in 1470.2 cells but not in T47D cells. This suggests 
that the influence of PR and coregulator concentra- 
tions on the partial agonist activity of Dex-Mes, or 
Dex-Ox, will be additionally modified by other cell- 
specific factors. This combinatorial diversity makes 
Dex-Mes and Dex-Ox promising candidates as new 
SPRMs that could exhibit varying amounts of partial 
agonist activity for a given gene among diverse cells 
and potentially even different genes within a given cell. 
It should also be noted that these same variables have 
been found to influence the dose-response curve (or 
EC 50 ) of PR-agonist complexes (Figs. 1 and 5) and 
thus could afford differential control of transcription of 
responsive genes in different cells by modifying the 
sensitivity to subsaturating concentrations of proges- 
tins and possibly of different genes within the same 
cell. 

The absence of any effect of SRC-1 on the EC 50 or 
total transactivation of PR-agonist complexes in 
1470.2 cells was unexpected as SRC-1 was first dis- 
covered for its ability to increase the transcriptional 
activity of PR (43). Similarly, we did not observe the 
synergistic increase in the levels of PR-mediated 



transactivation reported for the combination of SRC-1 
and CBP (52). It is important to realize that SRC-1 was 
not totally inactive in our system but did augment the 
partial agonist activity of the antiprogestin Dex-Mes. 
Therefore, the simplest explanation for these different 
responses of PR to SRC-1 is that they reflect tissue- 
specific variations. Almost all reports of SRC-1 activity 
with PR have been in HeLa cells (43, 44, 53) and none 
have appeared for 1470.2 cells. Similar examples of 
cell-specific activities of cofactors have been de- 
scribed (26, 45), and seen here, with TIF2. Whether this 
reflects different levels of endogenous coactivators 
(25, 26, 30, 32, 33), or a more basic selectivity in the 
effects of various coactivators on PR induction param- 
eters, remains to be established. 

TIF2/GRIP1 is reported not to interact with PR com- 
plexed with RU 486 (45, 46). However, with the new 
antiprogestin Dex-Mes, there is a clear effect of added 
TIF2 on the PR complexes (Fig. 8), consistent with a 
functional interaction. This suggests that the confor- 
mation of the Dex-Mes complex is different from that 
with RU 486 and permits associations with both co- 
activators and corepressors. It is tempting to specu- 
late that the smaller size of Dex-Mes vs. RU 486 (54) 
permits an equilibrium mixture of a wider variety of 
tertiary structures of the ligand-bound PR, with differ- 
ent structures having modified affinities for coactiva- 
tors or corepressors. The magnitude of conformational 
changes need not be dramatic because coactivators 
and corepressors can both bind to the same general 
hydrophobic pocket of steroid/nuclear receptors (20, 
21, 24). 

The observed effects of added SMRT and NCoR 
(Figs. 10 and 11) indicate a functional interaction of 
corepressors with both PR-agonist and PR-antagonist 
complexes. SMRT and NCoR both act as corepres- 
sors in 1470.2 cells in that they suppress the total 
levels of PR transactivation but have exactly opposite 
effects on other induction parameters (Figs. 10 and 
11). SMRT causes a right shift of the R5020 dose- 
response curve to higher EC 50 s while NCoR induces a 
left shift. The partial agonist activity of the antisteroid 
Dex-Mes is decreased by SMRT but increased by 
NCoR. In many respects, NCoR acts more like the 
coactivator TIF2. While part of the explanation of these 
divergent results may be yet another example of cell- 
specific differences, they complicate a clear-cut dis- 
tinction between coactivators and corepressors. 
These differences between NCoR and SMRT are rem- 
iniscent of the reports that basal transcription by TR is 
increased by added SMRT but not NCoR (55) and that 
DAX-1 (56) and RevErb (57) display differential inter- 
actions for SMRT and NCoR. 

We have recently reported analogous effects of re- 
ceptor and coregulator concentrations on GR induc- 
tion properties (26). These results led to a model in 
which the EC 50 , and partial agonist activity, of tran- 
scriptionally active GR complexes is influenced by a 
dynamic equilibrium of receptor and coregulator pro- 
teins (26). More recent studies (27) indicate that the 
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effects of varying concentrations of both GR and co- 
activators are manifested via a shared mechanistic 
step (X in Fig. 12). We suspect that a similar common 
intermediate is involved in the modulation of PR com- 
plex activities with changing PR and coregulator con- 
centrations. However, this intermediate is unlikely to 
be the same as that for GR (i.e. different from X in Fig. 
12) because overexpressed PR does not alter the GR 
dose-response curve or partial agonist activity of an- 
tiglucocorticoids (28). Therefore, the proposed com- 
mon intermediate for PR action would be either down- 
stream of X or in a different pathway (Fig. 12). The 
identity of these proposed intermediates is clearly of 
interest. Unfortunately, very little is known about the 
role of individual cofactors at any stage of receptor- 
mediated transactivation. 

The effects of added PR on the EC 50 are consis- 
tently much more pronounced for agonists than for 
antagonists (Fig. 6, A and B). Conversely, the effects of 



TIF2 and SRC-1 on the partial agonist activity of Dex- 
Mes are more than on the EC 50 for R5020 (Figs. 8 and 
9). This suggests that the mechanistic details for the 
modification of PR induction parameters are not the 
same for agonist and partial agonist complexes. This 
is not surprising, given the different x-ray structures of 
receptor ligand-binding domains with agonist vs. an- 
tagonist steroids (58, 59). Whether this structural di- 
versity is translated into altered affinities for common 
cofactors or very different affinities for completely sep- 
arate cofactors remains to be determined. 

Dex-Mes and Dex-Ox are also antiglucocorticoids 
(34, 35). While they evoke negligible agonist activity 
through the endogenous GR of 1470.2 cells (Figs. 3A 
and 4A), they display significant amounts of glucocor- 
ticoid activity in other cells (26, 28, 34, 35, 39). This is 
in contrast to the most commonly used antiprogestin, 
RU 486, which is a pure antiglucocorticoid in a wide 
variety of cells. Therefore, the use of Dex-Mes and 
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Fig. 12. Proposed Model by Which Added PR, and Increasing Concentrations of Coregulators, Modify the Dose-Response 
Curve of PR-Agonist Complexes and the Partial Agonist Activity of PR-Antagonist Complexes 

Both GR and PR are capable of inducing the same reporter gene, but the components that can alter the induction properties 
of PR (PR and coregulator concentrations) are speculated to affect a different step or pathway than for GR, where several 
components (glucocorticoid modulatory element, GR concentration, and coregulator concentration) have been found to com- 
petitively interact at a step labeled X (27). See text for further details. 
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Dex-Ox as antiprogestins should be accompanied by 
reduced side effects since fewer actions of GRs will 
also be blocked. Dex-Mes is an electrophilic affinity 
label but does not covalently label PR (60, 61). While 
the chemical reactivity of Dex-Mes, and reaction with 
a variety of proteins, is not a problem when used to 
examine PR- or GR-mediated responses in tissue cul- 
ture cells, it probably limits the applications in intact 
animals and humans (62). Dex-Ox, however, is not 
subject to any such restrictions and may find more 
widespread applications. 

In conclusion, alterations in the intracellular levels of 
PR, coactivators, and corepressors can affect two 
physiologically relevant induction properties of PR: the 
partial agonist activity of some antiprogestins and the 
EC 50 of PR agonists. Cellular variations in the level of 
coactivators and corepressors (25, 29-33) are com- 
mon. When this effect is superimposed on the alter- 
ations in PR levels, especially in response to induction 
by estrogen receptors (51), the differences in the 
transactivation of target gene in various cells with both 
subsaturating concentrations of agonist and saturat- 
ing concentrations of antagonist may be substantial. 
Given the many mechanistic similarities of all of the 
steroid receptors, it will be interesting to test the hy- 
pothesis that the induction properties of androgen, 
estrogen, and mineralocorticoid receptors can be sim- 
ilarly modified. 



MATERIALS AND METHODS 



Unless otherwise indicated, all operations were performed 
at 0 C. 

Chemicals, Buffers, and Plasmids 

[1 7a-methyl- 3 H]Promegestone (R5020, 85Ci/mmol) and non- 
radioactive R5020 were obtained from NEN Life Science 
Products (Boston, MA) and dexamethasone (Dex) from 
Sigma (St. Louis, MO). Dex-Ox (63) and Dex-Mes (64) were 
prepared as described, and RTI-3021-020 (RTI-020) was a 
gift from C. Edgar Cook (Research Triangle Institute, Re- 
search Triangle Park, NC). Restriction enzymes and diges- 
tions were performed according to the manufacturer's spec- 
ifications (New England Biolabs, Inc., Beverly, MA). 

MMTVLuc (pLTRLuc) was provided by Gordon Hager (NIH, 
Bethesda, MD). The Renilla null lucif erase reporter was pur- 
chased from Promega Corp. (Madison, Wl). The cDNA plas- 
mids of SRC-1a (Bert O'Malley, Baylor College of Medicine, 
Houston, TX), TIF2 and A and B forms of human PR (Hinrich 
Gronemeyer, IGBMC, Strasbourg, France), CBP (Richard 
Goodman, Vollum Institute, Portland, OR), NCoR (Michael 
Rosenfeld, University of California, San Diego), and SMRT 
(Ron Evans, Salk Institute, La Jolla, CA) were each received 
as gifts. 

Cell Culture and Transfection 

Monolayer cultures of COS-7 and 1470.2 cells were grown at 
37 C with 5% C0 2 in DM EM (Life Technologies, Inc., Gaith- 
ersburg, MD) and DM EM with 4.5 g glucose/liter (Quality 
Biologicals, Inc., Gaithersburg, MD), respectively, supple- 
mented with 5% and 10% of FBS, respectively. CV-1 (28) and 



T47D (50) cells were grown as described. Coregulator plas- 
mids were transiently cotransfected into 1470.2 cells using 
calcium phosphate with the human PR-B (hPR-B) or hPR-A 
construct, 1 /ug of MMTVLuc (or 2 /xg of GREtkCAT or GREt- 
kLuc), and 50 ng Renilla null lucif erase, with the total trans- 
fected DNA brought up to 3 jtg/60-mm dish with pBSK + DNA 
(28). In experiments with coregulator cDNA plasmid, all cells 
not transfected with coregulator were cotransfected with an 
equimolar amount of the same plasmid vector to control for 
artifacts of the vector DNA. The cells were treated for 24 h 
with steroids in media containing 10% charcoal-stripped FBS 
(HyClone Laboratories, Inc. Logan, UT) (regular FBS for other 
cells) and harvested in 1 x Passive Lysis Buffer (0.5 ml/dish, 
Promega Corp.). Twenty microliters of the cell lysates were 
used to assay for luciferase activity using the Dual-Luciferase 
Assay System from Promega Corp. according to instructions 
of the supplier. The data were then normalized either for total 
protein or cotransfected Renilla activity. 

Assay for Steroid Competition 

Transient transfection of COS-7 cells with 1 0 ji.g/10-cm plate 
of human PR-B cDNA was performed as described previ- 
ously (65). Cytosols of transfected cells containing the ste- 
roid-free receptors were obtained by the lysis of cells at -80 
C and centrifugation at 1 5,000 x g (66). Thirty percent cytosol 
with 20 mM sodium molybdate was adjusted to 2.5 nM 
[ 3 H]R5020 ± varying amounts of nonradioactive competitor 
and incubated at 0 C for 18 h. Unbound pH]R5020 was 
removed by dextran-coated charcoal. The specific binding, 
calculated by subtracting the background disintegrations/ 
min (2,000-fold R5020) from the total pH]R5020 binding in the 
presence or absence of cold competitor, was divided by the 
specific disintegrations/min of the uncompeted [ 3 H]R5020 
and expressed as the percent of uncompeted binding. 



Analysis of Data 

The activity for subsaturating concentrations of agonist, or 
saturating concentrations of antagonist, was expressed as 
percent of maximal activity with saturating concentrations of 
agonist (30 nM R5020 unless otherwise noted). The fold in- 
duction with 30 nM R5020 was calculated as the luciferase 
activity (relative firefly light units/relative Renilla light units) 
activity with 30 nM R5020 divided by the basal activity ob- 
tained with ethanol. Individual values were generally within ± 
20% of the average, which was plotted. Unless otherwise 
noted, all statistical analyses were by two-tailed Student's f 
test using the program InStat 2.03 for Macintosh (Graph Pad 
Software, Inc., San Diego, CA). 
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